Objective: To determine whether raloxifene, a selective estrogen receptor modulator, improves cognitive function compared with placebo in women with Alzheimer disease (AD) and to provide an estimate of cognitive effect.
The burden of Alzheimer disease (AD) falls heavily on women. By virtue of greater longevity, more women than men survive to an older age when risk is greater. AD pathology is more likely to be expressed as dementia in women than men, 1 and cognitive symptoms appear to be more severe. 2 Estrogens have attracted interest as potential treatment for women with AD, but relatively small therapeutic trials have generally failed to confirm efficacy. 3 A number of compounds that lack the 4-ring cyclopentanophenanthrene structure characteristic of steroid hormones interact with estrogen receptors or exhibit estrogen-like properties. The selective estrogen receptor modulators (SERMs) have estrogenic effects in some tissues but antiestrogenic effects or no estrogenic effect in other tissues. Raloxifene, an oral SERM, is approved for treatment of osteoporosis in postmenopausal women. In the Multiple Outcomes of Raloxifene Evaluation trial, high-dose (120 mg/d) raloxifene reduced the risk of mild cognitive impairment (relative risk 0.67, 95% confidence interval [CI] 0.46-0.98) and led to a nonsignificant reduction in AD risk (0.51, 95% CI 0.21-1.21). 4 Studies of raloxifene effects on cognition in women without dementia provide inconsistent results, 5-10 but some suggest benefit on a subset of neuropsychological measures.
Raloxifene has not been evaluated as treatment for AD. In consideration of large-scale efficacy trials, we undertook a pilot trial in postmenopausal women with late-onset AD of mild to moderate severity to determine whether raloxifene improves cognitive function and to provide an estimate of the treatment effect.
METHODS Design and setting. This pilot study was conducted as a randomized, double-blind, placebo-controlled trial, with enrollment between September 2006 and December 2009 and a planned treatment period of 12 months. The primary research question was whether raloxifene compared with placebo improves cognitive function in women with AD. Participants were assigned to oral raloxifene hydrochloride given as two 60-mg tablets once daily or identical-appearing placebo. The dose was based on findings in the Multiple Outcomes of Raloxifene Evaluation trial, in which reductions in risk of cognitive impairment were seen with the 120 mg/d dose but not with the 60 mg/d dose. 4 Standard protocol approvals, registrations, and patient consents. The study was approved by institutional review boards of Indiana University, Kaiser Permanente Division of Research, Southern Illinois University, and Stanford University. The protocol is registered at ClinicalTrials.gov (NCT00368459). Participants provided written informed consent, or assent with written consent of their next of kin or legally authorized representative.
Participants. Participants were postmenopausal women with dementia beginning at age 60 years or older, with probable AD 11 of mild to moderate severity, on a stable dose of a cholinesterase inhibitor. Women using raloxifene or menopausal hormone therapy were ineligible, but we did not exclude women using other drugs for osteoporosis treatment. Randomization. Trial eligibility was assessed at screening and confirmed at the coordination center. To ensure approximately equal allocation of women by dementia severity, assignment by the study epidemiologist to raloxifene or placebo in a 1:1 ratio used block randomization (concealed block size of 4) stratified by clinical site and dementia severity (mild severity, screening Mini-Mental State Examination 12 scores 20 to 26; moderate severity, scores 12 to 19). The trial epidemiologist prepared a randomization list using a random number generator (Proc Plan procedure, SAS version 9.2; SAS Institute, Cary, NC). The investigational drug pharmacist prepared and labeled study medications in bottles containing somewhat more than a 3-month supply (200 tablets). The randomization list included a unique, randomly assigned product identification number. Labeled bottles specifying "raloxifene 60 mg or placebo tablets" were maintained at clinical sites. On determination of trial eligibility and based on dementia severity stratum, the epidemiologist informed the site coordinator which product identification number was assigned to the participant. Participants, caregivers, staff, and investigators other than the epidemiologist and pharmacist were masked to group assignment.
Endpoints. In intent-to-treat analyses, the primary endpoint, compared between treatment groups, was change in the Alzheimer's Disease Assessment Scale, cognitive subscale 13 (ADAS-cog) assessed at baseline and 12 months. Planned secondary endpoints were change in global dementia rating, function, behavior, other cognitive test scores, caregiver burden, and caregiver distress. Outcomes were assessed at baseline and 6 and 12 months, and the ADAS-cog was also assessed at 3 and 9 months. Pill counts at each visit were used to assess adherence.
Change in global dementia rating was assessed with the Clinical Dementia Rating-Sum of Boxes score 14 obtained by a certified clinician using information from the participant and a knowledgeable informant. The standard Clinical Dementia Rating score was also recorded. Functional assessment used the Alzheimer's Disease Cooperative Study Activities of Daily Living Inventory. 15 Ratings on this 23-item, informant-based instrument are derived from basic and instrumental daily activities during the preceding 4 weeks. Behavior was assessed with the Neuropsychiatric Inventory 16 during a structured interview with the participant's caregiver informant, with items from 10 behavioral domains. Secondary cognitive outcomes 13, [17] [18] [19] [20] [21] [22] [23] [24] [25] emphasized skills posited to be affected by a drug that interacts with estrogen receptors (verbal episodic memory, working memory and executive functions, and semantic memory). A global cognitive composite score was calculated as the weighted sum of component standardized scores weighted by the inverse intertest correlation matrix. 26 Caregiver burden was assessed by the 22-item self-report Zarit Caregiver Burden Interview, 27 and caregiver distress was rated with the 10-item Caregiver Distress Scale given as part of the Neuropsychiatric Interview. 16 At the study conclusion, informants indicated on a 5-point Likert scale whether they thought family members had received raloxifene or placebo.
Demographic and clinical variables. Demographic information, medical history, and medication use were obtained by structured questionnaires. Body mass index (kg/m 2 ) was calculated from measured height and weight.
Statistical analysis. For this pilot trial, we did not anticipate power to detect small, meaningful between-group differences over a 12-month treatment period but specified that we would report trends (a , 0.1) as a guide to future studies. Planned recruitment of 72 participants was based on feasibility and anticipated resources. An intent-to-treat analysis was performed for all participants who completed baseline assessments, with missing data imputed from group mean changes. Standardized differences (effect sizes) were calculated from test means and SDs from baseline test data for the entire sample.
Initial analyses explored possible differences in baseline characteristics between treatment groups, analyzed by t test for continuous variables or x 2 for categorical variables. Between-group change scores were analyzed by analysis of covariance with baseline scores, age, and education as covariates. An exploratory analysis of the ADAS-cog evaluated outcomes with repeated-measures general linear models according to a 5 3 2 3 3 factorial design. The within-subjects factor was time (baseline, 3, 6, 9, and 12 months) and between-subjects factors were treatment (raloxifene, placebo) and clinical site. We used SAS Proc Mixed to model the covariance structure and maintain cases with missing outcome data. We used polynomial contrasts to investigate the nature of the treatment-bytime interaction.
Classification of evidence. This interventional study provides
Class I evidence that 12-month treatment with raloxifene 120 mg/d does not have a significant cognitive effect in women with late-onset AD of mild to moderate severity (mean between-groups standardized difference on the ADAS-cog of 0.03, 95% CI 20.39 to 0.44, 2-tailed p 5 0.89). The study lacked the precision to exclude a small effect.
RESULTS Forty-seven women were assessed in person for eligibility, and 42 were randomly assigned to a treatment group (21 raloxifene, 21 placebo). Thirty-nine women provided baseline and 12-month outcome data. Three other women who provided baseline data were included in intent-to-treat analyses (figure). Women ranged in age from 68 to 84 years (table 1). Women in the raloxifene group were slightly older and slightly less well educated than women in the placebo group but were otherwise similar, and subsequent analyses adjusted for age and education. At baseline, ADAS-cog performance, dementia rating, function, and behavioral symptoms did not differ significantly, and treatment groups were otherwise similar (table 1; baseline neuropsychological test  scores are given in table e-2) . There was no effect of site on study outcomes, and analyses were pooled across sites.
Primary efficacy endpoint, ADAS-cog. At 12 months, women in both treatment groups showed modest declines in mean ADAS-cog performances (table 2) . The 12-month decline in the placebo group was similar to that reported in other clinical trials involving patients with mild to moderate dementia. 28 The baseline ADAS-cog SD was 11.4 points, and the 12-month between-groups mean difference of 0.3 points represented a standardized difference (standardized effect size) of only 0.03 (95% CI 20.39 to 0.44). Effects were similar in subgroups defined by baseline severity (mild vs moderate dementia; interaction p value 5 0.44, 2-tailed analysis of covariance).
Secondary endpoints. Dementia rating, function, and behavior declined in both treatment groups, without significant differences between groups (table 2) . At 12 months, the standardized difference on the global cognitive composite score showed a medium effect size (.0.5 SD) in favor of raloxifene that, however, was not significant (p 5 0.38, 2-tailed analysis of covariance) (table 2). For individual neuropsychological tests, there were no consistent between-group differences (table 2). We found a large (.0.8 SD), nominally significant effect favoring raloxifene for maze performance, and a medium, nonsignificant effect on one verbal memory task (word list delayed recall). We noted small (.0.2 SD), nonsignificant effect sizes favoring raloxifene on a related verbal memory task (word list immediate recall), on 2 writing measures, and on 2 measures of semantic memory. We noted a small, nonsignificant effect favoring placebo on a different semantic memory task. Caregiver burden and caregiver distress increased modestly over time in both treatment groups (table 2).
Exploratory analyses: Efficacy outcomes before 12 months. Women in the raloxifene group showed small improvements in the ADAS-cog at 3, 6, and 9 months; women in the placebo group declined at each time point (table 3 ). The standardized difference was nominally significant at 3 months, corresponding to a mean difference of 3.8 points on the ADAS-cog, but not at other time points. At 6 months, functional decline was greater in the raloxifene group. Declines points per year and the predicted difference was 3.3 (22.7 to 9.4) points, favoring the raloxifene group. For women with mild dementia (n 5 25), the mean annual change in the placebo group was 20.4 (23.0 to 2.7) and the predicted between-groups difference was 21.6 (25.6 to 2.4; interaction p value 5 0.079).
Adherence. Based on pill count, the proportion of adherent women did not differ between treatment groups. Of the 39 study completers, 17 of 18 women in the raloxifene group (one with missing data) and 20 of 20 women in the placebo group took at least 80% of allocated study drug. The one nonadherent participant took 77% of her allotted study drug.
Safety. Three participants experienced serious adverse events, including one death. In the raloxifene group, one woman developed pneumonia and congestive heart failure, had an ischemic stroke, and died; another was diagnosed with colon cancer. A woman in the placebo group was hospitalized for hallucinations and agitation (adverse event details are in table e-3).
Adequacy of blinding. During the final visit, informants of 40 participants provided Likert scale responses regarding suspected treatment arm. Responses did not differ between treatment groups (p 5 0.75, 2tailed t test). Five informants from each group were "very certain" or "somewhat certain" that their family members had received raloxifene.
DISCUSSION Results from this randomized, doubleblind, placebo-controlled pilot trial confirm the 12-month feasibility of high-dose (120 mg/d) raloxifene therapy in women with late-onset AD of mild to moderate severity. Ninety percent of raloxifene group participants contributed outcomes at 12 months, and all but one took at least 80% of the allocated treatment. Caregiver blinding was maintained. However, recruitment was more difficult than anticipated, and the study sample did not reflect the racial and ethnic diversity of the general population. One woman in the raloxifene group experienced a possibly related, serious adverse event: ischemic stroke followed by death. Raloxifene is linked to fatal stroke in women at high risk defined by the Framingham stroke score. 30 In future trials, high stroke risk could be considered exclusionary. This pilot trial was not designed to identify small effects of raloxifene in the range provided by approved Alzheimer therapies such as donepezil or memantine. We found that raloxifene did not have a large or medium effect on the prespecified primary outcome. Based on the 12-month change of ADAS-cog performance compared between groups, the mean effect size was negligible, averaging only three-tenths of a point, or 0.03 SD, on this test. Early cognitive benefit of raloxifene compared with placebo (0.33 SD at 3 months) was not sustained at later time points. Secondary analyses of dementia rating, activities of daily living, and behavior-as well as caregiver burden and distress-also failed to suggest meaningful benefit, although power to detect treatment effects was limited.
In secondary analyses based on mean change at 12 months, the global cognition composite measure showed a medium effect size (.0.5 SD) in favor of raloxifene that, however, was not significant; this Table 2 Twelve-month changes for primary and secondary outcomes Outcome (range of potential scores) Table 3 Exploratory outcome: Change in ADAS-cog score between baseline and 3, 6, 9, and 12 months difference was smaller at 6 months. Nonsignificant differences favoring raloxifene on some verbal memory tasks could have been observed on the basis of chance. However, raloxifene is sometimes reported to benefit verbal memory in older postmenopausal women without dementia, 5, 8 and future studies might examine raloxifene effects within this cognitive domain more closely. These results provide information to guide consideration and design of future trials. The essentially null effect of raloxifene on the primary outcome implies a low likelihood of positive results but does not exclude the possibility of modest cognitive benefit or harm. The upper tail of the 95% CI represents a small (0.2 # SD , 0.5) effect but corresponds to about 5 points on the ADAS-cog, a difference that-despite weak evidence for validity 31 -falls within a commonly accepted range of clinical relevance. The ADAS-cog is a common endpoint in Alzheimer treatment trials, but it is possible that other neuropsychological outcomes could be more sensitive to any cognitive effect of raloxifene.
We conclude that 12 months' treatment with raloxifene 120 mg/d compared with placebo has no more than a small effect on the ADAS-cog in women with late-onset AD of mild to moderate severity. This conclusion may not pertain to short-term (e.g., 3-month) effects of raloxifene, where we found a nominally significant difference between groups on the ADAS-cog; to effects that might require more than 12 months to emerge; or to selective effects within specific cognitive domains. Finally, results do not generalize to populations or outcomes not studied in this trial, including raloxifene effects on cognitive outcomes in women without dementia, raloxifene effects on AD risk, or effects of other SERMs on cognitive outcomes. 
